Although 
C
ognitive deficits have been reported in some [1] [2] [3] but not all 4, 5 studies in patients with asthma or rheumatologic diseases. The reasons for poor cognition in these disorders are not well understood but could be related to direct central nervous system involvement in some rheumatic conditions and, possibly, medication effects and brief periods of hypoxia in asthma. In patients with more severe illnesses the use of oral corticosteroids may also impact cognition. Acute high-dose (40 -60 mg/day of prednisone equivalents) corticosteroid "bursts" for asthma symptom exacerbations is associated with impairment in memory. [5] [6] [7] [8] [9] Chronic corticosteroid therapy at more modest doses (10 -20 mg/day) is also associated with poorer memory, as well as depressive symptoms, smaller hippocampal volume, and lower temporal lobe levels of N-acetyl aspartate (a metabolite associated with healthy neurons). 10 Decline in memory and increases in mood symptoms are generally reversible on discontinuation of brief courses of corticosteroids 11, 12 but the degree of reversibility of the effects of chronic corticosteroid therapy on the brain is not known. In light of the potential cognitive effects of asthma and other medical illnesses as well as the effects of corticosteroid therapy on cognition, screening patients for cognitive impairment is of clinical importance because cognitive impairment is associated with poor adherence to medications. 13 Although objective, observer-rated, cognitive tasks such as in formal neuropsychological evaluations are the "gold standard" for assessing cognitive performance, these tests are time-consuming to administer and require special training. Subjective scales, which measure patient-rated cognitive complaints through self-report, are relatively simple tools to screen for cognitive impairment that can be completed by the patient in the waiting room. Patients with findings outside of expectations could then be referred for more extensive neuropsychological assessment. The current report examines the relationship between self-rated and clinician-rated cognitive assessments in patients with asthma or rheumatic disorders, some of whom were taking oral corticosteroids, with current mood status.
MATERIALS AND METHODS
Participants in this study included 31 outpatients with either asthma or rheumatic diseases (e.g., rheumatoid arthritis) between 18 and 65 years of age. Patients were diagnosed with asthma by board-certified allergy and immunology specialists according to clinical characteristics and/or spirometric criteria.
Of these, 17 were receiving chronic prednisone therapy (Ն10 mg/day for Ն6 months) and 14 had minimal lifetime corticosteroid exposure (none in the past 6 months, no course longer than 4 weeks, and Ͻ6 months lifetime total). Participants also had some high school or greater education and no known history of major psychiatric, neurological, substance abuse, or developmental/learning disorders. Prednisone and no-prednisone groups did not significantly differ on characteristics of age, education, gender, marital status, ethnicity, or estimated intelligence. The primary analysis from this study examining mood, cognition, structural magnetic resonance imaging, and spectroscopy was previously published and contains detailed information about experimental procedures and participants. 6 A written informed consent process, approved by the University of Texas Southwestern Institutional Review Board, was completed by all participants. Y. Getahun and M. Pacheco contributed equally to this work.
In the current study a linear regression approach was used with multiple predictor variables entered in a single step. The predictor variables were prednisone group (taking prednisone or not taking prednisone), depression score (17-item Hamilton Rating Scale for Depression 14 ) and an objective composite cognition score (Global Clinical Rating [GCR]). The GCR score was derived using traditional neuropsychological measures reflecting four cognitive domains and administered by standard instructions. The premorbid estimate of intellect was obtained by reading single words from the National Adult Reading Test Revised 15 and the Vocabulary Subtest of the Wechsler Adult Intelligence Scale 3. 16 Attention domain was derived from the Trail Making Test, Part A, 17 and the Stroop Test (Victoria version), Color Trial. 18 Learning was derived from immediate passage recall of the Wechsler Memory Scale 3, Logical Memory I, and total words for learning trials of a 15-item word list (Rey Auditory Verbal Learning Test). 19 Memory was derived from delayed passage recall (Wechsler Memory Scale 3, Logical Memory II) and delayed word list recall of the Rey Auditory Verbal Learning Test Executive Function was assessed using the Trail Making Test, Part B, 17 and Letter Fluency, FAS. 20 Standard scores were obtained from appropriate norms for each test measure and transformed into a deficit score (range, 0 ϭ normal to 5 ϭ severely impaired) based on T-scores for each test. A clinical rating score was subsequently assigned to each of the four cognitive domains (attention, learning, memory, and executive function) with a range of 1 (above average) to 9 (severe impairment) as described in guidelines from Woods et al.'s reliability article on human immunodeficiency virus cognitive diagnostic considerations. 21 These clinical ratings were informed by subject's premorbid functioning consideration of reading (NART-R) and vocabulary (WAIS-3) scores as well as ethnicity, education, and occupation.
The dependent variable in the linear regression was the subjective composite for cognitive complaints (Global Measure of Impairment [GMI]) from the Neuropsychological Impairment Scale, 22 95-item self-report measure of cognitive and affective status. SPSS software Version 12 (SAS Institute, Cary, NC) was used for all statistical analyses.
RESULTS
Demographic information on the participants is presented in Table 1 . The prednisone-treated and nonprednisone-treated groups were similar in terms of medical illnesses, gender, education, race/ethnicity, and overall estimated premorbid intelligence. Other medical conditions included hypertension (n ϭ 2), a history of Grave's disease (n ϭ 1; corticosteroid group), and hypertension (n ϭ 2), diabetes (n ϭ 1), degenerative disk disease (n ϭ 1,) and valvular heart disease (n ϭ 1; controls). None had a diagnosis of chronic obstructive pulmonary disease. The mean current prednisone dose in the group receiving corticosteroids was 15.6 Ϯ 10.6 with a mean duration of ϳ8 years. 6 Controls either had no lifetime prednisone exposure or minimal exposure (lifetime range, 4 days to 2.5 months with no use in over 2 years). One participant in the control group reported that their daughter had been diagnosed with bipolar disorder and attention deficit hyperactivity disorder. Figure 1 shows the percentages of patients in the two groups with impairment/symptomatology on the GCR (objective cognition), GMI (subjective cognitive complaints), and HRSD-17 (clinician-rated depressive symptoms). Prednisone-treated patients were significantly more likely to have elevated depressive symptoms (total score Ն8 on HRSD-17 consistent with the presence of at least mild depressive symptoms), impaired scores on the GCR (global cognition borderline or below), and greater subjective cognitive complaints (GMI scores falling at or Ͼ1 SD above the mean).
In the regression analysis, HRSD-17 scores, but not prednisone treatment or GCR scores, were significantly related to GMI scores (p Ͻ 0.001). A scatterplot of HRSD-17 and GCR scores is presented in Fig. 2 .
DISCUSSION
Corticosteroids are associated with a variety of brain effects including mood 23, 24 and memory changes, [5] [6] [7] [8] [9] and with chronic exposure, hippocampal atrophy. 10 In animal models corticosteroids are associated with increases in glutamate in the hippocampus, 25 and histological changes (e.g., dendritic remodeling and even neuronal death) in the hippocampus can be prevented with agents that decrease glutamate release 26 or block the N-methyl-d-aspartate receptor. 27 Drugs of these same classes appear to attenuate the cognitive effects of chronic corticosteroid therapy in humans. 28, 29 The current study had two findings. First, patients taking prednisone were more likely to have depressive symptoms, cognitive complaints, and objective cognitive impairment. Our previous report from the same patient sample observed greater mean HRSD-17 scores and history of major depressive disorder in those taking prednisone. 6, 23 The current report observes greater frequency of depressive symptoms using categorical scores. We also previously reported significantly poorer performance on the domains of memory and executive functioning but not psychomotor speed, attention, and intelligence. The current report extends these findings by observing greater overall cognitive impairment in the prednisone group using a composite score derived from a cognitive battery. This current study examined the relationship between objective cognitive findings and subjective cognitive complaints with findings of prednisone-treated patients having greater cognitive complaints than those not taking prednisone. Thus, the findings add to the prior literature suggesting that prednisone is associated with changes in cognition and extends this literature by suggesting that these patients also report greater subjective cognitive complaints. The second finding was that patient subjective cognitive assessment was associated more with depressive symptoms than objective cognitive status. Prior research comparing subjective and objective cognitive assessments have often produced similar findings. Moore et al. found a relationship between self-reported cognition and mood but not with objective cognition, in human immunodeficiency virus-positive patients. 30 However, Vance et al. reported that self-rated cognitive ability was significantly related both to performance on neuropsychological tests and depression. 31 To our knowledge, no previous reports have compared subjective and objective cognitive assessments in patients with asthma and rheumatologic diseases.
Patients with chronic diseases suffer from depression and psychological distress, including patients with asthma 32, 33 and rheumatoid arthritis. 34 -36 Our findings suggest that self-rated cognitive complaints may provide a short screening with possible implications for presence of depression in these patients. However, many brief, self-rated depression scales are readily available including the Beck Depression Inventory-II, 37 Quick Inventory of Depressive Symptomatology-SelfReport, 38 and Hospital Anxiety and Depression Scale. 39 These would provide more direct assessment of depressive symptomatology and could be administered in the waiting room and quickly scored by clinic staff. Although easy to administer, self-assessment of cognitive performance may be of limited value in determining which patients need further neuropsychological testing in the patient sample we used. One alternative is use of informant-rated questionnaires for cognitive status rather than patient rated. Unlike patient self-report, informant approach has been found useful as a valid and sensitive screen of cognitive impairment in individuals with multiple sclerosis. 40 A direct approach would be administrating in clinical settings of brief objective measures of cognitive performance. Currently, measures such as the Mini Mental State Exam 41 and Montreal Cognitive Assessment 42 administered by trained staff may have some usefulness. Development of brief cognitive self-assessments with monitoring by staff may prove useful for this population in a similar to recent attempts for dementia screening. [43] [44] [45] A promising approach is computer-administered cognitive tests with a recent review by Tierney et al. of appropriateness for use in clinics. 44 The study has limitations. The sample size is small and consisted mainly of women. The clinics used for participant recruitment had a disproportionate number of women patients. Although the sample is representative of the population at these clinics, it may not be representative of the more general population of patients with significantly different medical histories. We also do not know if the findings are generalizable to both sexes. Some of the participants had medical conditions in addition to the disorder for which they receive corticosteroids. Strengths of the study include the administration of an extensive objective cognitive test battery and mood assessment.
CONCLUSION
In a sample of patients with asthma and rheumatologic conditions, current use of prednisone was associated with greater likelihood of depressive symptoms, cognitive complaints, and cognitive impairment on neuropsychological tests. Cognitive complaints were more strongly associated with current depressive symptom severity than performance on clinician-administered neuropsychological tests.
